Abstract-In the context of micro and macro-mobility capabilities defined by IEEE 802.16e/WiMAX standards, the paper presents the simulation campaign undertaken to identify the sets of configuration parameters having a major impact on the handover process for the IEEE 802.16e mobile station. Simulation results could then be used to construct a database for guiding some cross-layer optimization algorithms deciding upon handover trigger, in order to increase the handover performance, from the application point of view.
INTRODUCTION
The IEEE 802.16/WiMAX family of standards and specifications introduces mobility as an important feature for increasing the usability of the WiMAX technology in the context of Broadband Wireless Access (BWA). The IEEE 802.16d [1] is defined for fixed terminals, while IEEE 802.16e [2] adds the mobility and power management support.
The IEEE 802.16 standards specify physical layer (PHY) and media access control (MAC) layer functionalities with several flexible options for frequency reuse and handover.
Additionally, the WiMAX Forum [3] [4] extends the framework, by defining the reference models and procedures, including the IEEE 802.16 technology in a complete end to end architecture. The WiMAX Forum reference model defines three tiers: the first is the wireless interface -IEEE 802.16 -between the Subscriber Fixed or Mobile Stations SS/MS and the Base Station (BS); the second is the Access Services Network (wireline or wireless -implemented) linking several Base Stations (BS) to one or several ASN Gateways (ASN-GW) -the later having a double functional role in both the data and control planes; the third part is the Connectivity Services Network (Home or visited one). In this architecture, several types of mobility can been encountered: micro-mobility (solved at Layer two -L2) , intra or inter BS, but preserving the same anchor (in ASN-GW) and macromobility (inter-ASN or Inter-CSN). The later is solved by cooperation between L2 mobility and Mobile IPv4/v6 [3] [4] . The basic scope of the IEEE 802.16 is the L2 mobility.
The IEEE 802.16e standard [2] defines three L2 HO types: Hard Handover (HHO), Fast Base Station Switching (FBSS) and Macro Diversity Handover (MDHO). The basic (mandatory) one is the HHO, where the MS is logically linked to a single (serving) BS at each time instance. When the MS is moving it can switch to another BS by performing a "break before make" sequence of actions, i.e., it breaks the connection with the serving BS and then reconnects to a new (target) BS by performing all the phases necessary for a network entry. While HHO involves a gap in the connection (and this will be reflected in a decrease of the corresponding throughput at application level), it is the most simple in terms and implementation and largely used in practice. The HO is decided at MS or network level and is performed following scanning actions [2] ; it is executed after the signal strength from the neighboring cell exceeds with a given amount the signal level from the current cell.
FBSS and MDHO are optional. Both assume that lists (Diversity set -DS) of BSs involved in the HO procedure are maintained by the MS and also by the BSs. In FBSS mode , the MS is synchronized, registered and speaks with an Anchor BS only (belonging to DS). The MS performs ranging with the anchor BS and monitors the anchor BS downlink (DL) channel for control information. The anchor BS can be switched among all BSs in DS on frame by frame basis. In MDHO mode, the MS communicates with all BSs in the DS. For DL, all BSs in the DS transmit data to the MS (diversity combining done at MS). On the uplink (UL), multiple BSs receive from MS and diversity selection of received information is performed.
While FBSS and MDHO are highly performant (especially for seamless HO needs) they are more complex and costly. That is why the HHO performance improvement, depending on the current conditions and environment of the MS, is still of high interest. However, optimising the HHO performance raises difficult problems of very complex interactions of a large set of parameters for 802.16e entities (at L1, L2 layers). Therefore, an analytical model cannot be defined and solved, but only very simplified ones. On the other side, the intelligence of the PHY and MAC layers of 802.16 creates the possibility of cross-layer optimization, usable for enhancing the HHO performance. Simulations based on realistic complex models can help.
The focus of this paper is defining HHO-oriented simulation models and analysing the results. HHO simulation scenarios are performed targeting a large set of multidimensional results -it is the target of the first phase of the work. The purpose is to evaluate the influence of different PHY and MAC parameters together with environment parameters (distance, mobile speed, network topology) on HHO performance, measured both at L2 level and at application level (throughput, delay, etc.). Simulation results could then be used to construct a database to guide some cross-layer optimization algorithms deciding upon HO trigger.
The work on mobility presented in this paper has been performed within a European research project, SMART-Net (SMART-antenna multimode wireless mesh Network), having among its objectives studies and experiments on hybrid mesh networks, including mobility issues. The SMART-Net project is developing a heterogeneous access network solution incorporating multi-radio access technologies (RAT) and smart antennas to offer advanced wireless broadband solutions, [5] and [6] . Terminal/user mobility is an integral part of the architecture and it is supported by a mobility management and control framework. The networking technologies considered in SMART-Net are IEEE 802.11x, 802.16x and 802.15x. Specifically micro and macro -mobility are studied and innovative solutions are targeted both for horizontal and vertical handover types. The IEEE 802.16e/WiMAX mobility solutions constitute a major area of work and investigation within the project.
The paper is organized as follows: Section II presents some related work. Section III shows the HHO mobility issues to be studied in the paper. Section IV defines the simulation models and Section V presents a selection of simulation results and their interpretation. Section VI outlines the use of these results in a cross-layer optimization approach. Conclusion, open issues and future work are shortly outlined in Section VII.
II. RELATED WORK
In [7] , authors proposed a scheme for reducing unnecessary association procedures by evaluating mobile locations. That scheme offers application QoS requirements and can reduce the total handover latency.
A new downlink handover priority scheduling algorithm for different scheduling services is proposed in [8] , aiming to provide lossless handovers and QoS.
A pre-coordination mechanism (PCM) for supporting fast handover in WiMAX networks is presented in [9] . This goal is achieved by measuring the distance between the BS and the MSS and predicting the time when handover occurs, thus pre-allocating available resources for handover usages.
A MAC Layer solution to guarantee the demanded bandwidth and supporting a higher possible throughput between two WiMAX end points during the handover is described in [10] , along with a PHY and MAC layers scheme to maintain the required communication channel quality for video streams during handover.
Barolli et al. presented a new handover system based on fuzzy logic [11] . That system uses 3 parameters for handoff decision: the change of signal strength of the present Base Station (BS), signal strength from the neighbor BS, and the distance between Mobile Station (MS) and BS.
III. IEEE 802.16 HANDOVER MOBILITY ISSUES IN SMART-NET
The task of the SMART-Net project is to study and implement several types of mobility: micro/macro, horizontal/vertical [5] [6] . This work is dedicated to standard IEEE 802.16 mobility, with HHO and MIPv4, followed by a study for ASN GW anchored mobility, in order to fulfill the SMART-Net project objectives related to WiMAX mobility.
A moving MS may get current knowledge about its environment, by its scanning activity and through dialogue with the serving BS. If the MS "sees" in its geographical neighborhood several other BSs (apart form the serving BS) then it should take the decision if, when and to which new BS to perform the HO. The most simple decision is to perform HO whenever the SNR seen from other BSs is better than that of the serving BS. However each HHO action can determine a relatively long -in time -loss of connectivity (seconds), during HHO. A cross-layer optimization approach may improve the performance related to HO actions.
The results obtained after running simulations with a large combination of parameters can be organized in a database and then used in a cross-layer optimization (PHY-MAC) approach, to offer guiding data to algorithms/policies for MS to decide when to perform or not. This is applicable when the MS is currently located in an environment where, based on scanning activity, it "sees" several BSs (different from the serving BS) as possible targets for HO, but it still has enough SNR seen from the serving BS in order for it to sustain the current service flows. Then the MS can apply one of the following policies:
-Delay the HHO decision until the SNR seen from the serving BS is too low for sustaining its throughput of current flows, despite the fact that some other BSs offer better SNR in comparison with the serving BS. Such actions can reduce the number of unnecessary HOs and have two benefices: first, avoid real-time flows interruptions (provoked by HHO) and increase the mean throughput.
-Apply a hysteresis threshold. This is used to select BSs that are suitable candidates as target BSs in a HO. When finding the candidate BSs, the MS may compute the difference between the CINR(or SNR) of the serving BS and the CINR (or SNR) of the potential target BS .The value of this attribute (Multitarget Hysteresis threshold) specifies the minimum amount by which the CINR/SNR of the potential target BS must exceed that of the serving BS. The value of this attribute must be less than the value of the Handover Threshold Hysteresis that triggers the HO.
-Use a SMART-Net antenna in directional mode instead of omnidirectional mode. Replacing an Omni-directional antenna by a smart one is impacting on many network mechanisms. The antenna systems need to be appropriately controlled by the MAC layer based on requests issued from higher layers of the stack. Such control is required for pointing in the right direction at the right time according to scheduling, routing and other mechanisms. That case is not the subject of the paper, being the scope of the next phases of SMART-Net project [5] [6] .
IV. SIMULATION MODELS
The simulation was performed with OPNET v14.5 [12] . Two network topologies were used: linear and random round.
A. Basic scenario description (linear topology and linear trajectory)
The basic configuration for the simulations is considered to be a network composed of six BSs, (Figure 1 ). The MS has a linear trajectory along the above 6 BSs, moving from BS0 towards BS5, with constant but different speeds (5, 10, 15, 20, 25 m/s). The six BSs use the same frequency resource, thus some overlapping of cells and interference exists. The application flow is supposed to be a 64kb/s UGS like flow -generated by an application server and flowing in download direction, from the server to a subscriber MS. While moving, the MS performs (depending on conditions and preconfigured settings) multiple HOs among BSs. The main parameters of interest for the application are the throughput variation (gaps in the real time flow) and mean values. These should be optimized through the proper configuration of the MS behavior.
The main parameters of interest configured in the simulation set of experiment are shown (partial list) in the table below: The "Free Space" pathloss model refers to the classical free space pathloss. The "Outdoor to Indoor and Pedestrian Environment" and the "Vehicular Environment" are pathloss models described in the "Radio Tx Technologies for IMT2000" white paper of the ITU. Figure 2 shows the topology and a sample of random MS trajectory.
B. Heterogeneous topology and random trajectory
In this scenario, the MS has a pseudo round random trajectory along 6 BSs located in a heterogeneous way. The application flow is still a 64kb streaming download from an application server. The MS has two different speed sets: low speed -1, 2, 3, 4, 5m/s (3.6, 7.2, 10.8, 14.4, 18km/h) and high speed -10, 20, 30, 40 50m/s (36, 72, 108, 144, 180km/h). The MS antenna gain value has been selected as 14dBi and the the BS antenna gain value has been considered as 15dBi. Scanning thrshold: 54 dB. Notation: m14dB_th54_n4p240t10_nbh2_sp05..sp25. Figure 3 shows that when the speed increases, with the MS moving on a linear trajectory along BS0 to BS5, the HO actions are (naturally) more frequent, and the instantaneous throughput has more gaps (this is very bad for real time applications because the duration of a gap is ~1-20 sec.). Consequently, the average throughput -see the values at the end of simulation time (360 sec) -decreases from ~52kBps to ~42kBps, i.e., with ~20%. Additionally, the diagrams in Figure 4 show the HHO activity, presenting the BS Ids when HO is performed and the SNR perceived by MS from different BSs (for a given MS speed of 15 m/s). Functionally the system works well, because HO is correctly performed. However, the performance is not satisfactory; the question is: could the HHO for such a case and given environment be somehow optimized if we selected some parameters of HHO algorithms thus as to be more adapted to the conditions? The answer is yes, as the following results will show. The scanning activity (Figure 4) is performed when the SNR is below 54dB (high value); consequently, the HO decides whenever a better SNR is observed, to switch to another BS than the serving one. For the current set of parameters, the overlapping area of the transmitting region is rather high. At each HO an initial ranging activity is performed. The cross-layer optimization of this configuration could be done if the scanning threshold were lower and consequently the HO decision taking less frequent, given a sufficiently high SNR from BS0 when MS is moving away from BS0.
The SNR and HO(BS Index) diagrams show that a HO action is performed at a relatively high value of SNR, simply because the scanning threshold (ScTh) is rather high, the scanning activity is started "early" and the overlapping areas of the transmitting BSs are high enough, while the hysteresis threshold is low (0.4dB).
Taking advantage of the fact that the SNR offered by BS0 is still rather high while the MS is not so far away from BS0, a simple idea would be to reduce the ScTh, as the MS would not care about the presence of other BSs as long as it still gets a good enough SNR from BS0. As an example, the Figure 5 diagrams show that at ScTh =27 dB, for the same time same interval as in Figure 4 (360sec), no HO is performed. Figure 6 proves it, showing that for this time interval (360 sec) the only serving BS is BS0 and no scanning is triggered (SNR is sufficiently high). No drop in application throughput is observed (as expected).
This shows clearly that in the given conditions, the HHO should not be done in such a "hurry", because the SNR offered by BS0 is still sufficiently high. Other similar simulation runs (Figures 3 -6 ), varying the ScTh values and hysteresis threshold (not presented in this paper due to the lack of space), offered the necessary data to allow the optimization of the HO for different speeds, while other parameters are invariant. Figure 7 shows that at lower values for the scanning threshold (and consequently for the trigger threshold) one can get a better mean throughput than for higher values. Therefore cross-layer optimization, based on sets of such values, can increase the performance.
The influence of other parameters (apart from the scanning threshold), like antenna gain, has also been studied. Figure 8 shows some cases where the antenna gains of the MS and BS are reduced to 1dBi and 8dBi respectively, in comparison to 14dBi and 15dBi. The ScTh has been also varied, between 27dB and 54dB. As expected, at b8dB and m_1dBi, given the same distance and power conditions as for the previous experiments, the results for the throughput are worse. But even so, the setting of the scanning threshold at a lower value (21dB) can yet help. Such quantitative results, collected for different combinations of parameters, can serve to offer guidelines for cross-layer optimization. The results above were obtained considering a free-space propagation channel. Other channel models, like the vehicular one, produce different results, usually worse propagation conditions and lower throughput. Another parameter that can influence the HO decision is the type of modulation/coding, which can be fixed or adaptive (Adaptive Modulation Code -AMC). Figure 9 presents the throughput variation for different values of the modulation/coding parameter, i.e., fixed or adaptive (AMC), while two types of propagation channels are considered: free space and vehicular. The ScTh is 30 dB. One can see that the behavior of the second channel type is worse if a fixed modulation is used (e.g., 16/64QAM) versus AMC in the path-vehicular channel model. A second large set of simulations have been performed for a heterogeneous topology and random walk trajectory, (Figure 2 ) in order to validate the qualitative results obtained for the first set. Essentially, the conclusions drawn from the first set have been the same, except for the expected quantitative output result. Extensive results will be published in the SMART-net Deliverables dedicated to simulations.
VI. USAGE OF SIMULATION RESULTS
The simplified pseudo-code of the scanning and HO decision activities performed at MS [2] are shown in Figure  10 , in order to emphasize the place where the cross-layer optimization (CLO) algorithm can be inserted. We suppose that a database DB is constructed, aggregating and structuring the large set of information collected after running the simulations in various conditions, as specified in Sections III and IV. The cross-layer optimization algorithm (bold line -represented procedures) will take inputs from the DB, where decision surfaces are embedded. 
VII. CONCLUSION AND FUTURE WORK
This paper presents the simulation campaign done to identify the sets of configuration parameters in the IEEE 802.16e mobile station, in order to improve the cross-layer optimization decision-taking algorithms, applied during scanning and hard handover activities. Given the limited space of the paper, we only present a few simulation result examples (taken out from a large set of simulations performed), in order to highlight the cases when the related parameters have a major influence over the HO performance. Future work will be done for the in-depth study on the influence of the hysteresis threshold and of the AMC. The results will be integrated with the one from the ASN GW anchored mobility simulations and then organized into a large sets of results which will allow the definition of the surface decision in a multi-dimensional space and their use in cooperation with cross-layer HO decision algorithms.
